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The invention relates to the field of recombinant DMA 
technology, more in particular to the field of gene therapy. 

in particular the invention relates to novel vectors, 
especially for use in gene therapy, although they can be used 
for other recombinant expression purposes such as in providing 
transgenic animals. 

Claim 

1. Recombinant vectors derived from an adenovirus wherein at 
least the El region of the DNA encoding the adenovirus has 
been deleted and wherein at least a functional oart of the ^ 
region is present in said vector. 
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The invention relates to the field of recombinant DNA 
technology, more in particular to the field of gene therapv. 

In particular the invention relates to novel vectors, 
especially for use in gene therapy, although they can be used 
for other recombinant expression purposes such as in providing 
transgenic animals. 

Gene therapy is a recently developed concept for which a 
wide range of applications can be and have been envisaged. 

In gene therapy a molecule carrying genetic information is 
introduced in some or all cells of a host, whereby the genetic 
information is aaded to the genetic information of the host in 
a functional format. 

The genetic information added may be a gene or a 
derivative of a gene, such as a cDNA , which encodes a protein. 
15 In this case the functional format means that the protein can 
be expressed by the machinerie of the host cell. 

• The genetic information can also be a sequence of 
nucleotides complementary to a sequence of nucleotides (be it 
DNA or RNA) present in the host cell. 
20 The functional format in this case is that the added DNA 

(nucleic acid) molecule or copies made thereof in sin } are 
capable of base pairing with the complementary sequence 
present in the host cell. Alternatively the added DNA or 
copies thereof in situ could interact with proteins present in 
25 the cells 

Applications include the treatment of genetic disorders bv 
supplementing a protein or other substance which is, through 
said genetic disorder, not present or at least present in 
insufficient amounts in the host, the treatment of tumors and 
(other) acquired diseases such as (auto) immune diseases or 
infections, etc. 

As may be clear from the above, there are basically two 
different approaches in gene therapy, one directed towards 
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compensating a deficiency present in a (mammalian) host and 
the other directed towards the removal or elimination of 
unwanted substances (organisms or cells). 

The invention provides vectors which are suitable for both 
5 kinds of gene therapy. 

A problem associated with the introduction of any foreign 
material into mammalian hosts, especially via systemic routes, 
is that there is always a risk of inducing an immuneresponse . 
This is also true in gene therapy. If the genetic information 
10 is provided through a medium which may lead to an immune- 
response, the result will be that such genetic information 
will never be incorporated into the target cells, or that it 
will be incorporated, but that the cells will be eliminated by 
the immune system. 

15 In both cases neither kind of gene therapy will be 

efficacious, since the new genetic information will only be 
available for a very short period of time. Moreover, repeated 
treatments will be impossible. 

For the purpose of gene therapy, adenoviruses carrying 
deletions have been proposed as suitable vehicles. 

Adenoviruses are non-enveloped DNA viruses. The genome 
consists of a linear, double stranded DNA molecule of about 
36 kb 3 2. Recombinant adenovirus vectors have been generated 
for gene transfer purposes. All currently used adenovirus 
25 vectors have a deletion in the El region, where novel genetic 
information can be introduced. The El deletion renders the 
recombinant Virus replication defective. It was demonstrated 
that recombinant adenoviruses are able to efficiently transfer 
recombinant genes to airway epithelium of rhesus monkeys 
(1,2). In addition, we have observed a very efficient 
adenovirus mediated gene transfer to a variety of tumor cells 
in v i tro and to solid tumors in animals models (lung tumors, 
glioma) and human xenografts (lung tumors) in immunodef icient 
mice in vivo . 

35 m contrast to for instance retroviruses, adenoviruses 

do not integrate into the host cell genome; b) are able to 
infect non-dividing cells and c) are able to transfer 
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recombinant genes in vivo extremely efficiently. Those 
features make adenoviruses attractive candidates for i n v i vn 
gene transfer of for instance suicide and/or cytokine genes 
into tumor cells. Recently, in vitro adenovirus mediated gene 
transfer of 11-2 was reported (3). 

As disclosed in for instance W093/19191, the E3 region of 
the virus, which is not essential for growth of the virus in 
vitro , nor for infection in vivo , has also been deleted from 
the viral vector. 

For a better understanding of the present invention a 
brief description of the E3 region is given below (reviewed in 
(4)) . 

Nine mRNAs from the E3 region are identified in group C 
adenoviruses (group C = Ad2 and Ad5 commonly cause cold-like 
respiratory inf ections ) ( 5 j . From some of the mRNAs , the 
corresponding proteins have been identified. Proteins encoded 
by this area have molecular weights of 19, 14.7, 11.6, 10.4 
and 6.7 kDa). Group B adenoviruses apparently encode two E3 
proteins (20.1 and 20.4 kD) that are not found in group C 
adenoviruses. None of the E3 proteins is required for 
adenovirus replication in cultured cells or in acute 
infections of the lungs of hamsters or cotton rats. Despite 
this, E3 is always maintained in natural isolates of 
adenoviruses (4). A short description of the function of some 
E3 proteins is presented (4-6) : 

A function of the 19 kDa protein, called gp 19K because it 
is a glycoprotein, is to protect adenovirus infected cells 
against MHC class-I restricted cytotoxic T-cell lysis. This 
glycoprotein complexes intracellularly with Class I 
histocompatibility antigens, thereby reducing recognition of 
the infected cell by the cellular immune system. 

Another protein of the E3 region (14.7 kDa; is responsible 
for suppression of cytolysis induced by TNF . TNF is secreted 
by activated macrophages and lymphocytes and is cytotoxic or 
cytostatic to certain tumor cells (see for review (6)). TNF 
also lyses cells infected with certain viruses and is released 
during infections by influenza virus. It has been shown that 
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mouse C3HA fibroblasts are lysed by TNF when infected bv 
adenovirus mutants that lack region E3 . Uninfected cells are 
not lysed by TNF, nor are cells infected by wild -type 
adenovirus. Mutant recombinant adeoviruses that do not express 
E3-10.4K, E3-14.5K and E3-14.7K induced increased infiltration 
of neutrophils .Vaccinia virus vectors have been generated that 
express E3-14.7K, TNF or both proteins. The vectors expressing 
TNF were less virulent in mice than control vectors, whereas 
E3-14.7K increased the virulence of the TNF expressing 
vectors. This led to the conclusion that E3-14.7K counteracts 
the antiviral effect of TNF in vivo . 

The 10.4 kDa and 14.5 kDa proteins encoded by the E3 
region function in concert to down -regulate the EGF receptor - 
(tyrosine-kinase) in adenovirus- infected cells. Stimulation of 
15 the kinase activity of EGF-R results in the activation of 
cellular metabolism and eventually in the induction of DNA 
synthesis and mitosis. 

The biological significance of EGF-R downregulation is 
unknown. It has been suggested that 10.4K/14.5K mimic EGF in 
20 activating the kinase activity of EGF-R which could be a 
mechanism by which adenovirus activates quiescent cells. 
Alternatively, perhaps the purpose of 10.4/14.5 K is to 
eliminate EGF-R, so that it cannot signal. Elimination of 
these receptors should preclude an inf lammatory response 
25 induced by EGF (6). 

Other functions than those known sofar might be provided 
by E3. It is of interest that it has been demonstrated that 
deletion of the E3 region leads to a more rapid replication 
and increased toxicity as compared to recombinant adenoviruses 
30 in which the E3 has been replaced by other genes, that do not 
have E3 like properties. It should be noted that both strands 
of adenovirus contain protein coding sequences . The sequences 
at the opposite of E3 on the 1 strand space the E4 and E2 
regions . Although no known transcripts are derived from this 
35 area, it does not exclude that deletion has consequences for 
virus replication. 



Mutants that have an intact El region, but whose tT- regie; 
is largely deleted, were found to replicate like wild-type 
virus in the cotton rats lungs, but the lymphocyte and 
macrophage/monocyte inflammatory response was markedly 
5 increased. Onset of viral multiplication, which reached 

maximum titers 2 - 4 days after infection was soon followed bv 
progressively increasing peribronchial, perivascular and 
alveolar septal infiltration of lymphocytes and 
monocyte/macrophages and finally by lymphocytic infiltration 
10 of the basal bronchiolar wall into the epithelium (5,7). 

Based on experiments with mice, which are nonpermisive for 
human adenovirus replication, it was concluded that only earlv 
genes need to be expressed to produce pneumonia (8). These 
data led to the findings that the early inflammatory 
15 pathological events predominantly result from production of 

cytokines, mainly TNF-alpha, whereas the late (i.e., 5-7 davs) 
peribronchial and perivascular lymphocytic infiltration is the 
result of a cytotoxic T-cell response. When the E3 region is 
deleted the pathological response is markedly increased 
20 (5,7,8). 

Viruses lacking expression of E3 14.7 kD protein display 
the early pathological response (5). 

The invention provides improved adeno viral vectors for 
gene therapy, which do not have a number of drawbacks 
25 associated with viral vectors disclosed for this purpose 
sofar. 

The invention provides recombinant vectors derived from an 
adenovirus wherein at least the El region of the DNA encoding 
the adenovirus has been deleted and wherein at least a 
functional part of the E3 region is present in said vector. 

As stated above, the E3 region is dispensable for growth 
of adenovirus in vitro and for infection with adenovirus In 
v±vq. Recombinant adenoviruses are expected not to express anv 
adenoviral gene because of the deletion of the immediate early 
El region, because this region is essential for adenoviral 
expression and DNA replication (9). it was noticed, however, 
that there is a subtype of cells that are able to express 
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adenoviral genes and even can support low levels replication 
of El deleted adenovirus (10). Certain cellular factors, 
expressed in a number of cell types, are able to substitute 
for the El region of adenovirus, and mediate expression of 
5 adenoviral genes and adenoviral DNA replication (10,11). For 
example, it was found that E2a protein of adenovirus was 
synthesized in cells of the lungs of a baboon after beinc 
infected with recombinant adenovirus that was lacking El and 
E3 (12), which was accompanied with an inflammatory response 
10 in the lungs (13). 

The observed inflammatory response was similar as that 
found after administration of replication competent virus to 
rodents (5,7,8,14,15). 

In the mouse liver, expression of E2a protein after 
15 infection with E1/E3 deleted adenoviruses was associated with 
a CTL response against infected cells and thus rapid less of 
recombinant gene expression (16). Similar effects were 
observed after delivery of E1/E3 deleted adenovirus vectors in 
cotton rat lungs (15). 
20 Also a number of tumor cells can support limited svnthesis 

of adenoviral proteins in the absence of El (10). One of the 
aims therefore is to design recombinant adenoviruses that o 
not give rise to a host response agains adenovirus infected 
cells. Therefore, recombinant adenoviruses should be developed 
25 that are able to circumvent the host cell response that is 
elicited against E3 deleted vectors. 

For this purpose, we constructed adenoviruses in which the 
E3 region is retained (see examples hll - la , rIl-3 and Ad.TK). 
Although the E3 region is dispensable in recombinant viruses, 
30 our reason for making viruses retaining this region is that 

those cells that are able to support low levels of adenovirus 
gene expression and/or replication, and hence are sensitive to 
a host cell response, will also express low levels of the E3 
proteins. Because the E3 proteins are capable or preventing or 
35 reducing host cell responses against infected cells, 

recombinant vectors containing E3 are superior to vectors that 
are E3 deleted. 
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This will be an advantage for both fffif therapy of "'" 
inherited disorders as for acquired diseases such as cancer. 
For example, in pre-clinical testing of gene therapy of Cystic 
Fibrosis in rhesus monkeys, El and E3 deleted recombinant 
5 adenoviruses caused peribronchial lymphocytic infiltrates and 
interstitial pneumonia in the alveolar area of the lungs 
For gene therapy of Cystic Fibrosis such adverse pathological 
changes are very undesirable, because of loss of gene 
expression and adverse effects to patients. The inflammatorv 
10 reactions are most likely caused by expression of adenovirus 
proteins in infected cells in this area of the lungs, as 
similar findings were observed after administration of E1/E3 
deleted recombinant viruses in baboon lungs (12). in the 
latter case, synthesis of adenovirus proteins (e.g. E2a and 
15 hexon) was observed ■ 

Such adverse effects might be prevented by using 
recombinant adenovirus vectors that are El deleted, but that 
retain the E3 region. 

In vivo administration of recombinant adenoviruses for 
20 treatment of cancer might result in gene transfer to a 

significant number of normal cells. For example, in clinical 
studies for malignant glioma we envisage to administer 
reccmbinant adenovirus in the wound -bed after debulk of the 
tumor mass by surgery. It will be clear that transduction of 
25 normal brain cells is unavoidable. Destruction of normal cells 
by an immune reaction is to be avoided, in particular when 
non-regenerating tissues such as the brain are involved. 
Furthermore, it might be that non -dividing normal cells 
expressing e.g. HSV-tk add to the so-called bystander effect 
by synthesis of phosphorylated ganciclovir which consequent lv 
is taken up by tumor cells, leading to tumor cell kill. Lvsis 
of such cells then would decrease the anti -tumor effect of 
suicide gene therapy. 

In addition to responses against normal cells, also host 
35 responses against adenovirus infected tumor cells are to be 
expected, because tumor cells in particular are able to 
support synthesis of adenovirus proteins and low levels of 
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adenovirus replication (10). Therefore, to have a maximal 
effect of the therapeutic gene (e.g. cytokine or suicide gene) 
a host response, in particular the early response which is 
prevented by the 14.7 kD protein, against adenovirus encoded 
proteins is unwanted. For cytokine gene transfer, an immune 
response against tumor antigens should be elicited. Therefore, 
immune reponses against adenovirus encoded proteins should be 
avoided. The same holds for the suicide gene therapy, e.g. bv 
the introduction of an HSV-TK gene into a tumor. The salient" 
aspect of this kind of gene therapy is that only 10% of tumor 
cells have to express the TK gene to destroy a tumor (1~) (the 
bystander effect). (Early) Destruction of the TK expressinc 
cells would prevent the bystander effect. Therefore, also for 
cancer suicide gene therapy adenovirus vectors containinq Ei 
15 will be superior to E3 deleted vectors. Accord inqi v. • we have 
constructed recombinant adenoviruses that are deleted for EI 
but do contain the E3 region (see Ad. nil -la. Ad.rll-3 and 
Ad . TK examples). 

To summarize, E3 containing vectors will be superior to 
their E3 deleted counterparts because they are able to prevent 
or reduce host cells responses such as CTL lysis of adenovirus 
infected cells and cell lysis bv TNF. 

It will be understood that it may not be necessary to 
retain the whole E3 region in the vectors according to the 
invention, as long as the part retained still has the function 
of reducing the response of the host against infected cells. 
For example, expression of E3-14.7 kD alone might be 
sufficient to reduce early responses mediated by TNF see e.g 
(5) or (8) . 

As . stated before these vectors are very useful for gene 
therapy of inherited diseases such as cystic fibrosis. 
Duchenne molecular dystrophy, Hypercholesterolemia, blood 
clotting disorders (hemophilia) and the like. 

As also stated before they are very useful in the therapv 
of acquired diseases, such as tumors, hepatitis, (auto) immune 
diseases, restinosis and the like. 
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Depending on the disease to be treated various genes 
derivatives of genes can be incorporated in the vectors 
according to the invention. These genes need not be genomic. 
cDNA can also be used. It will also be possible to construct 
genes which encode not the natural protein of interest but a 
loner acting or more stable variant thereof, so called 
muteins. It may also be sufficient to incorporate onlv a car* 
of a gene or a derivative thereof. 

A wide variety of encoding genes may be applied. Thev 
include but are not limited to factors in the blood clottir.c 
cascade (such as factor VIII or factor IX), cytokines such as 
11-1, 11-2, 11-3, etc., TNF, antibodies directed against tuinor 
markers, optionally as fusion proteins with endotoxins, 
suicide genes such as HSV thymidine kinase, or cvtosine 
15 deaminase, tPA, etc. 

As stated before it need not be necessary to include a 
gene encoding a protein for gene therapy purposes. Often 
transcription of a sequence complementary to a sequence of the 
host may be employed in so called anti-sense therapv 
20 strategies. 

The vectors according to the invention may cental r. 
regulatory elements such as promoters and enhancers derived 
from adenovirus itself, but these elements may also be derived 
from other species such as cytomegalovirus, Rous sarcoma virus 
25 (LTR) or for instance the polyadenylat ion signal of SV4 0. 

The invention in a preferred embodiment provides tumor 
therapy using the suicide gene thymidine kinase of Herpes 
Simplex Virus (HSV-TK) . 

In another preferred embodiment the invention provides 
gene therapy of tumors using the cytokines IL-i or Ii-3. 

The invention will be illustrated in greater detail -si^q 
these two approaches as examples . 

Cancer gene therapy by the introduction of cytokine genes into 
tumor cells 

35 in the past years, a completely new approach to enhance 

the immune response against solid experimental tumors has bee:-, 
described. The concept underlying this approach is to have 
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cytokines produced at high levels inside the tumor, while 
systemic concentrations remain low, thereby reducing or 
preventing the toxic side effects of cytokines. The effect of 
transfer of cytokine genes into tumor cells has been studied 
5 in a variety of rodent tumor models. The local inflammatory 
response generated by the cytokine" producing tumor cells 
resulted in regression of the tumor in various studies, e.g. 
after retrovirus mediated transduction of murine tumor cells 
with the gene for 11-1, iFN-g , IFN-a, 11-2, 11-4, n- 7/ TNF/ 
10 G-CSF and GM-CSF (.18). Tumor rejection after transduction with 
the cytokine genes mentioned above was T-cell dependent, and 
in some studies cytotoxic immune responses were also generated 
against non-transduced cells of the same tumors (parent 
cells), that had been implanted in the same mouse. E.g., 
15 transfer of the gene for irN-g into murine fibrosarcoma cells 
resulted in IFN-g producing tumor cells. Following 
transplantation of these transduced cells, long lasting, 
T-cell mediated immunity occurred as judged by rejection of 
subsequently inoculated, untransduced tumor cells (19). 
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Immuno gene -therapy using II -1 

More than 20 years ago it seemed that immunotherapy would 
add significantly to the prognosed survival time of lung 
cancer patients, when a striking improvement of survival was 
25 reported in patients in whom empyema developed after surgical 
resection for carcinoma of the lung (20,21). The reaction 
between immune lymphocytes and bacterial antigens was believed 
to activate macrophages to destroy residual tumor cells 
through an immunologically non-specific mechanism. These 
analyses were obviously retrospective. As it was not ethically 
justified to induce empyema on purpose in resected patients, 
several studies were performed using intrapleural deposition 
of BCG. The initially promising results (22,23) could not be 
substantiated in subsequent randomized trials (24-27). a 
variety of other immunostimulatory treatments, as an adjuvant 
to surgery, have been studied. Among those, long-term 
treatment with levisamole and in particular treatment with 
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specific tumor associated antigens in combination with Freund 
adjuvant have been reported to result in significant 
improvements by a few authors, but not by others (28,29). Such 
observations seem to hold promise that activation of immune 
reactions and perhaps even more so of the ensuing lymphokine 
mediated inflammatory processes in and around the tumor, mav 
attract macrophages and lymphocytes capable of killing 
substantial numbers of tumor cells, a process that has been 
termed carcinolysis . These expectations are substantiated by- 
many other studies in laboratory animals carrying 
transplantable tumors . 

11-1 is one of the central mediators of immune 
inflammatory responses (30). Therefore, inflammatory responses 
as described above were assumed to be evoked by production of 
15 11-1 by tumor cells. Some tumor cell lines can be induced to 
produce II -1 by treatment of the cells with lipo- 
polysaccharides (LPS). Results of such studies were described 
by Zoller et al (31), who observed rejection of tumor cells 
when they were induced to produce II -1 by treating them with 
LPS prior to injection in the animals. In addition, when the 
tumor cells were transfected with a DNA expression construct 
encoding the pro-Il-la protein, they also observed rejection 
of the tumor cells after transfer into animals. In both cases, 
they also found rejections of mixtures of the II -1 producing 
5 cells with the parent line tumor. 

Biologal charactristics of II -1 

Interleukin-1 (11-1) is the term for two polypeptides 

(Il-la and Il-lb) that possess a wide spectrum of 
) inflammatory, metabolic, physiological, haematopoietic and 

immunological activities. 11-1 is synthesized by leukocytic as 
well as nonleukocytic cells (fibroblasts, endothelial, 
epithelial, dendritic and microglial cells and astrocytes) 
(32). The effects of II -1 are not restricted to leukocytes but 
are manifested in nearly every tissue, where effects have been 
seen on e.g. fibroblasts (33), synovial cells (34), 
hypothalamic cells (30) and muscle cells (35). The first 
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translation product of II -1 is the pro-Il-1 31 kDa precursor 
sequence analysis of the Il-la and Il-lb precursors revealed 
that they do not contain a conventional N- terminal hydrophob 
signal sequence (36,37). The localization of cell associated 
11-1 is almost entirely cytoplasmic, not in ER, Golgi or 
plasma membrane fraction (38,39). The half life of cell- 
associated Il-la in monocytes is 15 hours, whereas that of I. 
lb is 2.5 hours (40). The protein involved in processing of 
Il-la belongs to the family of calpain proteases (41,42), 
whereas Il-lb is cleaved by an aspartate specific protease 
(43,44). 

Macrophages contain lOx more Il-lb (34) than Il-la (34)' 
whereas endothelial cells and T- lymphocytes accumulate more 
Il-la than Il-lb (45) . 

Two different cDNA sequences encoding hll-la have been 
isolated (36,46,47). They differ in two nucleotides, of which 
one is in the protein coding region. This mutation leads to a 
amino acid polymorphism at position 114 of the precursor 
protein (which is aminoacid 2 of the mature protein), where 
either an Ala or a Ser is encoded (47). Both the precursors 
and the mature protein proved to have full biological activit 
(47), and seem therefore to represent a natural polymorphism. 

11-1 is a key regulator of inflammatory responses. 
Inflammation results in attraction of cells of the immune 
system, causing a cascade of reactions, including the 
production of other cytokines by the attracted immune cells, 
resulting in carcinolysis . Therefore, gene therapy of cancer 
may be achieved by production of human II -1 by tumor cells. 
Secretion of II -1 has to be local secretion by the tumor 
cells, to prevent systemic side effects. Therefore, in vivo 
gene transfer of the Il-la gene or cDNA encoding pre-cursor 
IL-la protein is needed. 

The reasons for using in vivo gene transfer of Il-la 
precursor by means of recombinant adenoviruses are: 
. Il-la is normally produced by a wide variety of cells 
. the pre-cursor form of II -la, which is not secreted as such, 
is bioactive (36,48), in contrast to the pre-cursor of II- 
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lb, which has been reported to be biologically inactive see 
e.g. (49-51) or has strongly reduced activity (51). Both 
pre-cursor proteins stay intra-cellularly . However , when 
gene therapy is combined with e.g. radiotherapy, 
chemotherapy— ei^^t^er-^^ therapy such as 

suicide gene transfer, and when tumor cells harboring the 
II -la precursor cDNA are lysed as a consequence of those 
treatments, this will result in release of bioactive II -la 
and may thus have a synergistic effect to these treatments 
. II -la can induce the secretion of II -lb by macrophages and 
monocytes, thus increasing the total amount of II -1 at the 
site of the tumor 
. adenovirus h:+3 proven to be able to efficiently deliver 

genes to somatic cells in vivo . 
Therefore, recombinant adenovirus is the vehicle of choice. to 
transfer the II -la precursor cDNA into tumor cells in vivo. 
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Experimental . 
Example 1 

Treats of cancer with recombinant adenovirus 

5 LwT 9 T HSV " TK 9ene - followed by 

5 injectio n of ganci clovir 

1.1 Cloning of HSV-TK sequences 

;: dm lhe is pha "» p^»« - rived , frora Berns , 

10 The TK g ene was amplified by Polyraerase ^ ^ 

enzyme: Deep Vent (New England Biolabs), 1 unit 30 rv . 

1 90-C. 1 «i„. 60-c en 2 minutes \ 2 - c 3 ° CyCleS ° f 

15 primers: upstream: 5 • -CTCT^CTTGAAGCGCGCGT^GGCTTCG- 3. 
downstream: 5 ' -ACACTCTAGAGTGTTTCAGTTAGCCTCC-3 ■ 

enzymes. The resulting clone was named PSP65.TK. 

b) Sequencing of the cloned HSV-TK-qene mi™ k 
■ The TK gene of p SP65 . rK was S e quenced 9 ^ ^ Pal "> : 
25 described by McKnight (56). sequence is 

As compared to this sequence 3 differences „ iat 

16 (G instead of T, , ^ °" ? osit i°" 

126 (T instead of C) , 
30 267 (A instead of G) 

The HSV-TK sequence, which is depicted in the Fi g 2 
, is identical with the original one (that is in ' 
PHA140), indicating that no artPf^f 
35 PCR »„„ „, • no. artefacts were introduced by the 

Jo PCR and cloning procedures. 



ATGGCTTCGTACCCCTGCCATCAGCACGCGTCTGCGTTCGACCAGGCTGCGCGTTCTCG 
CGGCCATAGCAACCG ACGTACGGCG T TGCGCCCTCGCCGGC AGC AAG AAGCC ACGG AAG 

TCCGCCTGGAGCAGAAAATGCCCACGCTACTGCGGGTTTATATAGACGGTCCCCACGGG 

ATGGGGAAAACCACCACCACGCAACTGCTGGTGGCCCTGGGTTCGCGCGACGATATCGT 

5 CTACGTACCCGAGCCGATGACTTACTGGCAGGTGC'f GGGGGCTTCCGAGACAATCGCGA 

HSCATCTACACCAC^AACArc^ 

GTGGTAATGACAAGCGCCCAGATAACAATGGGCATGCCTTATGCCGTGACCGACGCCGT 

TCTGGCTCCTCATATCGGGGGGGAGGCTGGGAGCTCACATGCCCCGCCCCCGGCCCTCA 

CCCTCATCTTCGACCGCCATCCCATCGCCGCCCTCCTGTGCTACCCGGCCGCGCGATAC 

10 CTTATGGGCAGCATGACCCCCCAGGCCGTGCTGGCGTTCGTGGCCCTCATCCCGCCGAC 

CTTGCCCGGCACAAACATCGTGTTGGGGGCCCTTCCGGAGGACAGACACATCGACCGCC 

TGGCCAAACGCCAGCGCCCCGGCGAGCGGCTTGACCTGGCTATGCTGGCCGCGATTCGC 

CGCGTTTACGGGCTGCTTGCCAATACGGTGCGGTATCTGCAGGGCGGCGGGTCGTGGCG 

GGAGGATTGGGGACAGCTTTCGGGGACGGCCGTGCCGCCCCAGGGTGCCGAGCCCCAGA 

15 GCAACGCGGGCCCAGCACCCCATATCGGGGACACGTTATTTACCCTGTTTCGGGCCCCC 

GAGTTGCTGGCCCCCAACGGCGACCTGTACAACGTGTTTGCCTGGGCCTTGGACGTCTT 

GGCCAAACGCCTCCGTCCCATGCACGTCTTTATCCTGGATTACGACCAATCGCCCGCCG 

GCTGCCGGGACGCCCTGCTGCAACTTACCTCCGGGATGATCCAGACCCACGTCACCACC 

CCAGGCTCCATACCGACGATCTGCGACCTGGCGCGCACGTTTGCCCGGGAGATGGGGGA 
20 GGCTAACTGA 



Figure 1 Nucleotide sequence of HSV-TK. 

1.2 Construction of pMLP . nls . lacZ (Pig. 2). 
pMLP.nls.lacZ was constructed according the scheme presented 
in Fig. 2. 

pMLPIO (53) was digested with Hindi I I and BamHI. 
nlslacZ was excised from L7RH£gal (54) with Avrll and BamHI 
andligated, together with a Hindlll - Xbal linker sequence, 
into pMLPIO that was digested with Hindlll and BamHI. The ne\ 
construct was named pMLP . nls . lacZ/-Ad . 

The Hindlll - Xbal linker sequence was made by hybridization 

of the following oligonucleotides: 

LK1 5' -AGCTTGAATTCCCGGGTACCT-3 ' linker 

LK2 5 ' -CTAGAGGTACCCGGGAATTCA- 3 ' linker 



The Bglll - Seal (nt. 3328 - 6092) from adenovirus type 5 was 
ligated into pMLP. nls . lacZ/-Ad after digestion with BamHI and 
Nrul . The resulting construct was pMLP . nls . lacZ . 

1.3 Construction of pMLP.TK (Fig. 3). 

First, arPintermedxate cohtruct wa s ""genera fed "that the 
adenovirus type 5 sequences from nt . 3328 - 6092. This clone 
named pSad, was made by digestion of pMLP . nls . lacZ with EcoRI 
and religation . 
pMLP.TK was made by ligating: 

Aatll - Hindlll fragment of pMLPIO (containing the left ITR 
and the MLP promoter sequences) 

Hindlll - EcoRI HSV-TK containing fragment of pSP65.TK, Aatll 
- EcoRI digested pSad. 

The resulting clone was designated pMLP.TK. 

Integrity of this construct was assessed by restriction 
enzyme analysis, sequence analysis of the boundaries between 
TK and the MLP promoter, between TK and the adenovirus 
fragment (nt. 3328 - 6092 of Ad5), including the SV40 poly(A) 
signal. 

Transfection into TK negative osteosarcoma (143) cells 
chances HAT and ganciclovir sensitivity, indicating that the 
HSV-TK gene is functional. 

1.4 Construction of pMLP.luc (Fig. 4). 

A similar adenovirus construct containing the firefly 
luciferase gene (luc) under the control of the MLP (pMLP.luc) 
was made. The luc was isolated from pRSV.luc (55) with 
restriction enzymes Hindlll and Sspi and ligated into 
pBluescript (Stratagene) which was digested with Hindlll and 
Smal . The resulting clone was named pBS.luc. 

HSV-TK in pMLP.TK was exchanged by luc from pBS.luc by 
digestion and ligation of the respective Hindlll - BamHI 
fragments . 
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1.5 Construction of pCMV.TK and pCMV.luc (Figs. 5, 6 
and 7 ) . 

As the activity of the Major Late Promoter (MLP) is 
relatively low, additional recombinant adenoviruses were 
5 genera ted_in_-which..the__re.coniblnajit_g.ejie_4.HSY^K-,_luc., etc.) is 
driven by the Cyto-Megalovirus (CMV) immediate early promoter, 
which is a strong promoter. A new basic construct containing 
the CMV promoter was made according to the scheme presented in 
Fig. 5 .The CMV promoter together with SV4 0 derived intron 
sequences downstream of it, were derived from pCMV/S (Clontech) 
by digestion with PstI and StuI, and ligated into pBluescript 
(Stratagene) digested with PstI and EcoRV, resulting in 
pBS . CMV . 

The CMV promoter containing fragment was excised from 
pBS.CMV using Smal and Clal and ligated into pMLPIO that was 
digested with PvuII and Clal. The new clone was named pCMV.10. 

pCMV.TK and pCMV.luc were made by ligating the Hindlll - 
Pvul fragment of pCMV.10 into pMLP.TK and pMLP.luc, 
respectively, that were digested with the same restriction 
enzymes . 

1.6 Generation of recombinant adenoviruses. 

The adenoviruses IG.Ad.MLP.TK, IG . Ad . CMV. TK , 
IG.Ad.MLP.nls . lacZ, IG.Ad.MLP. luc and IG . Ad . CMV. luc, were 
generated by recombination in 293 cells & plaque purification. 
The procedure is schematically presented in Fig. 8. 
Recombinant adenoviruses were prepared by co- transfection of 
adenoviral constructs (pMLP.TK, pCMV.TK, pMLP.luc and 
pCMV.luc) and the large Clal fragment of wild -type human 
adenovirus 5. Two days after co- transfection , the cells were 
harvested and subjected to three cycles of freezing/thawing. 
The supernatant was applied to fresh 293 cells and overlaid 
with agar the next day. 6 days after infection, a second agar 
overlay was performed, using agar containing neutral red to 
visualize plaques. Plaques were picked, put in 200 ml. culture 
med^..ii, and 20 ml of this virus suspension was added to 293 
^ells. At full CPE, the lysed cells were harvested and assayed 
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for the presence of HSV.TK (Southern blotting) or lucif erase 
(by assessing luciferase activity). Positive plaques underwent 
a second plaque purification, and were assayed similarly. One 
positive plaque was used for making a virus master stock bv 

5 inoculating 293 cells ; in a 75 cm 2 flask with the plaque 

purified material. 4 ml . of the virus master stock was used to 
inoculate 20 175 cm 2 flasks containing 293 cells. After 
72 hours, when full CPE was seen, the 293 cells were collected 
and virus was purified on a CsCl density gradient and dialyzed 

) according to routine procedures (56). 

The identity of the resulting viruses was checked by 
restriction enzyme analysis and Southern blotting. All these 
viruses contain a wild-type E3 region. 

1.7 Use of IG.Ad.CMV-TK for treatment of rat 
mesothelioma . 

Fisher 344 rats, (n=16), weighing 250-360 grams, were 
anesthesized with ether. A small opening was made between the 
8th and the 9th rib, at the right side. lxlO 5 1145 rat 
mesothelioma cells in 200 jll1 of PBS were injected 
intrathoracically . The needle was retracted and the 
intercostal opening was closed by 4x0 sutures atraumatic. The 
skin wound was closed with 9 mm autoclips . One day after tumor 
cell implantation, the same procedure and location was used to 
inject recombinant adenovirus. 7xl0 9 infection units of 
IG.Ad.CMV.TK in 200 ^il of PBS (n=8) or 200^1 of PBS (n=8) were 
injected. Twenty-four hours later, a 13-days treatment of GCV 
(50 mg/kg/day) or PBS delivered IP was started twice a day. 
The animals were divided in four groups: 1- injected with 
PBS/treatment with PBS (n=4), 2- PBS/GCV (n=4), 3- 
IG.Ad.CMV.TK/PBS (n=4), 4- IG . Ad . CMV. TK/GCV (n=4). 
At day 14, the rats were sacrified, and inspected for the 
spresence of macroscopic tumor infiltration intrathoracically. 
The thoracic contents (lungs, heart, mediastinum, trachea, and 
the diafragma) including possible tumors were weighed. 
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Results 


Macroscopical 


tumor 


growth 




no macrosc. 
tumor 




1 


2 






4 


Treatment 
weight (g) 
(x ± SD) 


PBS/PBS IG. 
8.45 ± 1.47 


Ad . CMV 
7.9 ± 


. TK/PBS 
0.8 


PBS/GCV 
6.62 ± 2.05 


IG. Ad. CMV. TK/GCV 
4.38 ± C . 48 
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Conclusion . 

Treatment of rats with mesothelioma by administration of 
IG.Ad.CMV.TK followed by treatment with GCV results in killinc 
of tumor cells. 
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1 . 8 Treatment of rat braintuinors by intratumoral 

injection of Adeno-TK followed by intraperitoneal 
ganciclovir injections. 

A rat (9L glioma) model (57) was used to study the effect 
of IG.Ad.MLP.TK and GCV in a malignant brain tumor. 
Fischer 344 rats, weighing 200-400 grams, were randomised, 
anesthesized with ether and placed in a stereotaxic frame. A 
burr hole was made 1 mm in front of the bregma and 2 mm 
lateral of the midline. 4x10* 9 L rat- gliosarcoma cells in 1 
111 of Hank's buffered saline were injected with a microliter 
syringe (27 gauge needle; Hamilton) into the left forebrain at 
a depth of 4 mm below the skull. The cells were injected over 
a period of 2 minutes. The needle was slowly retracted and the 
burr hole was closed with bonewax (Braun) . The skin was closed 
with 9 mm autoclips. The same procedure and coordinates were 
subsequently used to inject recombinant adenovirus. A volume 
of 10 ul was infused over 5 minutes along the needle track. 3 
days after tumor cell implantation different amounts of 
IG.Ad.MLP.TK or IG . Ad . MLP . luc as control were injected at the 
same site in 8 different groups of rats; 5.10^ (n=6), 108 
(n=16), 10? (n=10) and 106 (n =i 0) p f u ■ s of IG.Ad.MLP.TK and 
5.108 (n =7), 1 0 8 (n =12) pfu's of IG . Ad . MLP . luc . It was 
calculated that the different groups treated at dav 3 with 
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IG.Ad.MLP.TK and IG . Ad . MLP . luc were infected with an m.o i. of 
approximately 5000, 1000, 100, 10 and 5000, 1000 
respectively, by assuming a population of 10 5 tumor cells at 
the respective time points of virus inoculation, based on a 
5 cell doubling time of 18-20 hours (57). Fourty eight hours 
after the injection of the virus, the rats received twice a 
day 15 mg/kg ganciclovir (Syntex) or PBS intraperitoneally for 
ten days. From all rats that died the brain tumors were 
dissected and weighed. The results are graphically presented 
3 in Fig. 8. From this figure we conclude that rats treated with 
IG.Ad.MLP.TK at an m.o.i of 5000 and 1000 showed signif icantiv 
prolonged survival time as compared to the rats given 
IG. Ad. MLP. luc or IG.Ad.MLP.TK without GCV treatment (log rank 
test, p<0.01). Two animals in the group treated with m.o.i 
> 5000 and one animal in the group treated with m.o.i 1000 died 
of superficial leptomeningeal tumor which was caused by spill 
of tumor cells through the burr hole. Intracerebral tumors 
were not present in these rats. In addition, rats treated with 
IG.Ad.MLP.TK at an m.o.i. of 100 survived 18.3 days on the 
average (Fig. 9) as compared to 15.7 days for the control 
group. The survival time in this treated group was 
significantly prolonged as compared to controls (log rank 
test, p<0.05). Survival of rats treated with 10 6 pf u ' s 
(m.o.i. of 10) was not significantly different from that of 
controls (log rank test, p>0.05). 

1.9 Treatment of leptomeningial metastasis with 
IG.Ad.MLP.TK and IG . Ad . CMV. TK . 

Leptomeningeal metastases occurs in 8% of cancer 
patients. They most frequently originate from tumors of the 
lung, breast and melanoma (58). In order to study whether 
Ad . TK treatment is effective for treatment of leptomeningial 
metastasis, the 9L F Lsher-rat model was used. 4 x 10 4 9L tumor 
cells were?' injected into the liquor cerebrospinalis of the 
IVth. ventricle on day 0, followed by infusion of 10 9 pfu of 
recombinant adenovirus (either IG.Ad.MLP.TK or IG . Ad . CMV TK ) 
on day 3 into the same site. Animals were treated with 
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ganciclovir for 14 days, the treatment starting on day 5 
Animals injected with tumor cells only and treated with GCV or 
injected with virus only served as controls. The animals were 
observed daily. When symptoms of disease, such as paralvsis. 
were apparent . the. animals__were_sacrif . iced . 

The results are presented in Figure 10. 
From this experiment we conclude that treatment of 
leptomeningial metastasis with recombinant adenovirus a) leads 
to a significant prolonged disease free period and b) that 
IG.Ad.CMV.TK has a stronger anti-tumor effect than 
IG.Ad.MLP.TK, which is most likely explained by the strong CMV 
promoter activity and hence high levels of HSV-TK produced in 
transduced cells. 

1.10 Toxicity of recombinant adenovirus in normal 
rat brain. 

In order to assess the toxicity of IG.MLP.Ad.TK in normal 
brain tissue, a study has been performed according to the 
Table presented below. All groups consisted of three rats. A 
number of control groups have been included, of which one 
group of rats was treated with wild-type adenovirus type 5 as 
a 'positive' control for pathological side effects. 

The treatment protocol was as follows: 
25 Day 1: intracerebral injection of virus or control substances 
Day 2 - day 14: treatment of the animals with either 
ganciclovir or PBS twice daily 
Day 15: perfusion with 4% paraformaldehyde 

preparation of brain sections of 50 ujti thickness 
using a vi bra tome 

stain sections with Hematoxilin, Phloxin and 
Saphran 
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7 ntracerebral injection treatment 1A gays 

1 . pbs 1 ml . PBS twice a day 

2. PBS 1 5 mg/kg GCV twice a day 

3. 1 x 10 8 pfu IG.Ad.MLP.TK 1 ml. PBS twice a day 

4. 1 x 10 8 - pfu XG.. Ad...MLP.TK 15 mg/kg GCV twice a day 

5. 1 x 10 8 pfu IG.Ad.MLP.TK * 1% wt Ad . 5 1 ml . PBS twice a day 

6. 1 x 10 8 pfu IG.Ad.MLP.TK * 1% wt Ad . 5 15 mq/kg GCV twice a day 

7. 1 x 10 8 pfu wt Ad 5 1 mi. PBS twice a day 

8. 1 x 10 8 pfu wt Ad 5 15 mg/kq GCV twice a day 



None of the rats died or showed gross clinical signs of 
disease during the experiment. Microscopic analysis of serial 
brain sections showed that only the needle tract was still 
recognizable by the presence of erythrocytes and macrophages 
containing iron , which indicate that some bleeding occured 
during injection. Clear pathological changes were only 
observed in the animals injected with 10 8 pfu of wild- type 
adenovirus. Infiltrates of leukocytes, most likely 
lymphocytes, were observed in 10 serial sections, to a depth 
of approximately 0.5 mm* This was observed in ail three animal 
of this group. These pathological changes most likely reflect 
an immune response against cells infected by adenovirus. As 
the rat is non-permissive or semi -permissive, it might be that 
no replication of wild-type adenovirus occurred, but that 
because of expression of El genes other adenovirus genes are 
transactivated . Intracellular production of adenovirus 
antigens will elicit a cellular immune response. Such a 
pathological reaction has been described a f ter int ra -puimcnal 
administration of wild- type human adenovirus type 5 to mouse 
lungs in vivo . (8) . 

Lymphocytic infiltrates were not observed in any of the 
other treatment groups, including the animals that were 
injected with a mixture of IG.Ad.MLP.TK and 1% wtAdS . No 
differences were seen between sections of the control groups 
( groups 1 , and those of the groups treated with recombinant 
viruses, i out of 3 rats of group displayed minor infiltrates 
in the corpus calosum. the reason of which is unknown. 
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The observation that none or at most minor histological 
deviations were observed is in contrast to changes reported fa- 
others ( 59) . 

It is not clear why there is such a marked difference 
between those da ta^J59)jnd ours (note th at we injected a 20>: 
higher virus dose). Our explanation is that retainment of the 
E3 region in our virus prevents pathological side effects. 

1.11 Anti-tumor activity of IG.Ad.MLP.TK and 

IG.Ad.CMV.TK and GCV treatment on human and rat 
glioma cells in vitro . 

Rat 9L glioma and human U251, D384 and LW5 glioma ceils 
were infected with IG.Ad.MLP.TK and IG.Ad.CMV.TK. 
Consequently, the infected cells were exposed to ganciclovir. 
15 Four days later, the cultures and the appropriate controls 

were trypsinized and counted to assess the number of surviving 
cells. The results are graphically presented in Fig. H. 
From this experiment we conclude that: 

IG.Ad.CMV.TK is more effective than IG.Ad.MLP.TK (except 
for U251, where the difference is less pronounced), which 
is due to the strong CMV promoter present in IG . Ad . CMV TK 
. IG.Ad.CMV.TK is more toxic than IG.Ad.MLP.TK on human 

cells, but not on rat cells 
. IG.Ad.CMV.TK and IG.Ad.MLP.TK are more effective in human 
25 cells than in rat cells 
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1.12 Planned use of IG.Ad.MLP.TK and IG.Ad.CMV.TK 

Recombinant adenoviruses are planned to be used in 
clinical studies for the treatment of at least gliomas, 
mesotheliomas and leptomeningeal metastases. For treatment of 
gliomas, the clinical protocol will consist of debulking of 
the tumor mass by surgery, followed by application of the 
virus to the wound bed. Another strategy envisages direct 
injection of purified IG.Ad.MLP.TK of IG. Ad. CMV. iK direct Iv 
35 into the tumor. 

Treatment proposal for leptomeningeal metastasis includes 
direct infusion of IG.Ad.MLP.TK or IG.Ad.CMV.TK into a the ' 
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liquor cerebrospinalis . Treatment of mesotheliomas will 
consist of administration of recombinant adenovirus to the 
pleural cavity. 

We also include the administration of adenovirus producing 
cells lines, lethally irradiated or not, e.g. 293 cells that 
have been infected with IG.Ad.MLP.TK or IG . Ad . CMV . TK 
Injection of Ad . TK producers will not only lead to in situ 
production of adenovirus particles, but these cells produce 
very high levels of thymidine kinase themselves. It is to be 
expected that such cells contribute significantly to the anti- 
tumor effect. 

We do not restrict ourselves to glioma, mesothelioma and 
leptomengeal metastases, but in principle all solid tumors 
might be subject of treatment with suicide gsnes (viruses, 
15 packaging cells) and ganciclovir. 

Example 2 

Cancer gene therapy with recombinant adenovirus 

harboring II- la or 11-3 cDNA. 
20 2.1 Isolation and cloning of hIL-la precursor cDNA 
U937 cells (human monocyte cell line) were stimulated 

with lipopolysaccharides (PMA) to induce synthesis of IL-1 

protein. RNA was extracted from the stimulated monocytes, 

reverse transcribed to make cDNA, which was subjected to PCR" 
25 analysis using primers specific for human II -la. The sequence 

of the primers used for PCR analysis: forward plimer: 

5 ' - C AGCAAAGAAG TC AAGATGGCC - 3 ' 

reverse primer : 5 ' - GTGAGACTCCAGACCTACGCCTGG - 3 ' 
The PCR product was ligated directly into pBluescript 
30 (Stratagene) , which was pre-digested with Smal . The resultinq 
clone was named pBS.hll-la. 

2 . 2 Method of construction of recombinant adenovirus 

The first step in the construction of the virus was the 
replacement of HSV.TK in pMLP.TK by human II -la precursor 
35 cDNA. The 5' 430 bp (Hindlll - EcoRI ) were isolated from 

pBS.hll-la by partial digestion with Hindlll and with EcoRI. 
The 3' part of the IL-la precursor cDNA (787 bp) EcoRI - Avrll 
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fragment is derived from plasmid (pXM) that contains also hlL- 
la precursor cDNA but lacks the first 40 bp of the gene. This 

was the EcoRI - Avrll fragment. Those fragments were ligated 
into pMLP ♦ TK that was digested with Hindlll and Xbal . The 
resul ting -plasmid „was„named pMLP ,_hIL-_la ...( Fig . 12 ). 
2.3 Characterization of pAd.hll-la 

2.3.1 Sequence analysis 

The II -la precursor cDNA sequence of plasmid pMLP. hll-la 

has been determined completely/ whereas the sequences flanking 
Il-la precursor cDNA (SV40 poly(A) signal, major late 

promoter) have been sequenced partially to confirm whether the 
cloning procedures had not affected those area. As mentioned 
in the introduction, a polymorphism exists in human Il-la 

protein. Sequence analysis indicated that the precursor cDNA 
we obtained encodes a protein which has Ser at position 114. 

2.3.2 Transient production of human Il-la in 293 cells 
To test whether plasmid pMLP . Il-la was able to produce 

bioactive hll-la protein, it was transfected into 293 cells 
(human embryo kidney cells) . 2 days after transfection the 
celJs were harvested and the cell lysate was tested in a 
bioassay using D10 cells (60). The results of this experiment 
are presented in Figure 13, and indicate that bio-active hll-la 
is produced after transfection of pMLP. Il-la. Together with 
the sequencing data, this indicates that the pMLP.hll-la 
encodes functional hll-la. 

2 . 4 Construction and production of recombinant 
adenovirus harboring hll-la precursor cDNA 
Recombinant adenovirus harboring human Il-la precursor cDNA 
(IG. Ad. MLP. hll-la) was prepared by co- transfection of 
pMLP. hll-la and the large Clal fragment of human adenovirus 
type 5, according to the scheme presented in Figure 8 and as 
described before (see example 1) . The functionality of the 
viruses was confirmed by measurement of hll-la in supernatant 

of 293 cells, using a commercially available ELISA kit 
(Quantikine,. R & D systems). 
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2.5 Cloning of rat interleukin- 3 (rIl-3) cDNA. 

rIl-3 cDNA was isolated by transfecting COS cells with a 
construct harboring the rat 11-3 gene (pURl) (61). Two days 
later, total RNA was isolated from the cells and subjected to 
reve J.g e __tr a ns^ript^n^_ using the foll owing primer : 
rat 11-3 #2: 5 ' -ATGAGGATCCTTCAGGCTCCA- 3 ' 
This primer introduces a BamHI site in the rIl-3 cDNA 
downstream of the translation stopcodon . 

The resulting cDNA was PCR amplified using primer rat II- 
3 #2 (described above) and rat 11-3 #1, the sequence of which 
is as follows : 

rat 11-3 #1: 5* - ACAAAGCTTTGGAGGACCAG - 3 ' 

This oligonucleotide introduces a Hindlll site 5' to the ATG 
translation start codon. 

The resulting PCR product was digested with BamHI and 
Hindlll. HSV.TK from pMLP.TK was replaced by rIl-3 cDNA by 
digestion of pMLP.TK with Hindlll and BamHI and ligating the 
Hindlll/BamHI digested rat 11-3 cDNA. 

The rIl-3 cDNA in the resulting clone pMLP.rIl-3 was sequenced 
completely. 



The rat 11-3 cDNA sequence is as follows: 

AAiSClXTGGAGGACCAGAACGAGACAATGGTTCTTGCCAG 

CTCTACCACCAGCATCCTCTGTATGCTGCTCCCGCTCCTG 

ATGCTCTTCCACCAGGGACTCCAGATTTCAGACAGGGGCT 

CAGATGCCCACCATTTACTCAGGACGTTGGATTGCAGGAC 

TATTGCCTTGGAGATTTTGGTGAAGCTCCCATATC.CTCAG 

GTATCTGGACTCAATAATAGTGACGACAAAGCCAATCTGA 

GGAATAGTACCTTGCGGAGAGTAAACCTGGACGAATTCCT 

AAAAAGCCAAGAGGAGTTTGATTCTCAGGACACAACGGAC 

ATCAAGTCCAAACTTCAGAAACTTAAGTGTTGTATTCCTG 

CAGCTGCGAGCGACTCTGTGTTGCCAGGTGTCTACAATAA 

AGATCTGGATGACTTTAAGAAGAAACTGAGATTCTACGTG 

ATCCATCTTAAGGACCTGCAGCCAGTGTCAGTCTCTAGAC 

CACCTCAGCCCACATCTAGCTCTGACAACTTTCGCCCTAT 

GACCGTGGAATGTTAAAACAGCAGGCAGAGCAACTGGAGC 
CTGAA GGATCC 
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The underlined sequences represent the introduced Hindi II 
and BamHI sites that were use for cloning of the cDNA into 
pMLP . TK . 

The sequence is homologous to the exons deduced f rom the 
genomic sequence (61)/ except that 3 additional aminoacids are 
encoded by our cDNA sequence that they were not indicated by 
(61). These sequences are found at the end of intron 1 in the 
genomic sequence (61), whereas we find them to be transcribed 
and thus belonging to the cDNA sequence. These sequences are 
dotted underlined in the sequence presented above. 

Recombinant adenovirus harboring rIl-3 cDNA 
(IG.Ad.MLP.rIl-3) was generated according to the scheme 
presented in Fig. 8 and as described before for IG . Ad . MLP . TK . 

IG.Ad.MLP.rIl-3 was assayed for production of functional 
rat 11-3 by subjecting 293 lysates for 11-3 activity. It was 
tested on FDCP-1 cells, which are dependent on (mouse) Ii-3 or 
GM-CSF for growth (62). It turned out to be also sensitive for 
rat 11-3. 

2 . 6 Tn vivo administration of adenovirus producing 
cells to experimental rat tumors. 

In order to achieve maximal production of cytokines, 
adenovirus producing cells were injected directly into the 
tumor. The cytokines are expected to be produced then by the 
adeovirus producing cells and by tumor cells that are 
transduced by adenovirus released from the producers. 
The tumor model used was the L4 2 rat NSCLC in the Wag/Rij rat 
strain (63-65). 

On day 1/ L42 tumors were implanted subcutaneously in 
both flanks of the animals. 

Day 10, injection of 10 7 293 cells in a volume of 300 |±1 PBS, 
into the left flank tumors. The 293 cells were infected with 
recombinant adenovirus (m.o.i. 10) 4 8 hours before with 
recombinant adenoviruses listed below. 

The rats were divided into five groups, each group 
containing 4 animals: 
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1- animals with only L42 tumors. 

2- animals injected with non infected 293 cells 

3- animals injected with 293 infected with IG . Ad . MLP . LacZ 

4- animals injected with 293 infected with IG.Ad.MLP.rIL-3 

5- animals injected with 293 infected with IG .Ad . MLP . hIL- la 

Before injection, the tumor sizes were measured. Average tumor 
vol ume : 130 mm 3 

The sizes of the tumors in both flanks were measured 
twice a week. 

On day 20 , the left flank tumors were injected again with 
293 cells, exactly according to the scheme presented above . 
The tumor sizes were depicted as a function of time, and are 
presented graphically in Fig. 14. The results show that 
regression of the contralateral tumor is seen only when 
cytokine ( hll -la or rll - 3 ) harboring adenovirus is 

administered ( 3/4 animals for each cytokine ) , suggesting that 
a host response against the tumor is elicited when high doses 
of cytokines are produced in the tumor. 

2 • 7 Planned use of recombinant adenoviruses 
harboring hll-la or 11-3 

Recombinant adenovirus harboring human II -la precursor 
cDNA or 11-3 cDNA sequences will be propagated to sufficient 
amounts and will be used for direct injection into solid 
tumors. Tumors that will be used in first instance will be 
NSCLC (non small cell lung cancer), but also mesothelioma, 
melanoma, glioma and other types of solid tumors will be 
investigated for carcinolysis and tumorimmunity after 
administration of recombinant adenoviruses harboring hll-la 

and/or 11-3 cDNA. A dose of virus (optimal dose to be 
determined in Phase I studies) will be injected either 
directly into the tumormass or it will be administered into 
metastasis of those tumors that are more amenable to apply the 
viruses. If the effect of injecting IG . Ad . MLP . hll - la itself is 
less than expected because release of hll-la protein is 
insuffient, virus instillation will be followed by local 
irradiation of the tumor, to achieve release of the produced 



reombinant hll-la. We also envisage to use IG . Ad . MLP . hi 1 - la i 
combination with recombinant adenoviruses that harbor other 
cytokine genes or tumor suppressor genes. Alternatively, the 
treatment with hll-la will be combined with application of 
other recombinant adenoviruses such as IG.Ad.MLP.TK 
(recombinant adenovirus harboring Herpes Simplex Virus 
Thymidine kinase gene) . Cells that express thymidine kinase 
can phosphorylate ganciclovir (which is not toxic to cells) 
into ganciclovir phosphate, which is toxic to cells. Cells 
that coexpress hll-la will release the intracellularly stored 
recombinant hll-la when dying, which will augment the anti- 
tumor effect. In addition to in vivo intra -tumoral injection 
of IG.Ad. hll-la or IG. Ad. 11-3, we also envisage to. use the 
viruses also for vaccination type studies, either or not in 
combination with in vivo gene transfer of IG.Ad. hll-la or 
IG.Ad. 11-3. Tumor cells of a patient will be isolated, 
infected with IG.Ad. hll-la or IG.Ad. 11-3 irradiated and 
re- infused in the patient. Such an approach will be helpful in 
increasing the immunity against tumor cells. In addition, as 
shown in the example, we envisage to administer adenovirus - 
producing cells (e.g. 293) directly into tumors, which leads 
to a very high local production of hll-la or 11-3, both by the 
producer cells and the tumor cells that are transduced by 
viruses released by the virus producers . 
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS: 

1. Recombinant vectors derived from an adenovirus wherein at 
least the- El region -of- the -DNA encoding the adenovirus has 
been deleted and wherein at least a functional part of the E3 
region is present in said vector. 
5 2 . Recombinant vectors derived from an adenovirus for use in 
- gene therapy., .wherein at least the El region of the DNA 
encoding the adenovirus has been deleted and wherein at least 
a functional part of the E3 region is present in said vector . 

3 . Vector according to claim 1 or 2 , which further comprises 
10 a gene or a cDNA of said gene to be expressed upon 

introduction into a host cell. 

4. Vector according to claim 3, wherein the gene encodes a 
cytokine . 

5. Vector according to claim 3, wherein the gene is a 
15 suicide gene. 

6. Vector according to claim 3, -wherein the gene encodes a 
protein absent or present in insufficient amounts in the host. 

7. Vector according to claim 3, wherein the gene is a tumor 
suppressor gene. 

20 8- Vector according to anyone of the afore going claims 

which is derived from adenovirus type 5 or adenovirus type 2. 

9. Use of a vector according to any one of the afore going 
claims in gene therapy. 

10. Use of a vector according to any one of claims 1-8 in the 
25 treatment of genetic disorders. 

11. Use of a vector according to any one of claims 1-8 in the 
treatment of cancer. 

12. Use according to claim 11 wherein solid tumors are to be 
treated . 

30 13. Method of gene therapy whereby a vector according to any 
one of claims 1-8 is used, which is administered directly or 
indirectly to a mammalian host, such that target cells of said 
host will be provided with said vector. 
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14. Method according to claim 13, whereby the target cells 
are removed from the host, contacted with the vector and 
reintroduced in the host. 

15. Method according to claim 13, whereby the vector is 
introduced into the host directly at a target site. 

16. Pharmaceutical formulation for use in a method accordi 
to claim 15, comprising a vector according to any one of 
claims 1-8 and "suitable means for administration to the 
mammalian host. 
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17. A vector according to claim 1 or claim 2, or a use 
thereof in gene therapy substantially as hereinbefore 
described with reference to the drawings and/or Examples. 



18. The steps, features, compositions and compounds 
disclosed herein or referred to or indicated in the 
specification and/or claims of this application, 
individually or collectively, and any and all combinations 
of any two cr more of said steps or features. 



DATED this FIFTEENTH day of AUGUST 1995 

Introgene B .V." : 

by DAVIES COLLI SON CAVE 

Patent Attorneys for the applicant (s) 



ABSTRACT 



The invention provides novel vectors derived from 

adenovirus which are specifically suitable for use in methods 

of gene therapy . 

The vectors have a deletion compared to wild-type 

adenovirus in that the El region is not present in a 

functional manner. 

Additionally the vectors are characterized in that they 
do contain a part of the E3 region of adenovirus which is 
biologically functional. This results in vectors which do 
normally not lead to expression of adenoviral proteins, but 
which in the cases where such proteins do become expressed 
will repress the host's immunological response to said 
proteins. Thereby host cells infected (provided) with the 
vector will live longer. Therefor the product introduced into 
said cells providing the therapy will be produced in larger 
amounts, or at least for a prolonged period. Preferably the 
vector comprises genetic information for antisense therapy, or 
for genes which will combat tumors, such as genes encoding 
cytokines/ preferabryIL-1/ or so called suicide genes, such 
as Herpes Simplex Virus thymidine kinase. 

Methods for producing said vectors and methods of gene 
therapy or uses therein are also disclosed. 
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ATGGCTTCGTACCCCTGCCATCAGCACGCGTCTGCGTTCGACCAGGCTGCGCGTTCTC 
CGGCCATAGCAACCGACGTACGGCGTTGCGCCCTCGCCGGCAGCAAGAAGCCACGGAA 
TCCGCCTGGAGCAGAAAATGCCCACGCTACTGCGGGTTTATATAGACGGTCCCCACGG'vi 
ATGGGGAAAACCACCACCACGCAACTGCTGGTGGCCCTGGGTTCGCGCGACGATATCG 

ctacgtacccgagccgatgacttactgucaggtgctgggggcttccgagacaatcgcj, 
acatctacaccacacaacaccgcctcgaccagggtgagatatcggccggggacgcgg:. 
gtggtaatgacaagcgcccagataacaatgggcatgccttatgccgtgaccgacgccg' 

TCTGGCTCCTCATATCGGGGGGGAGGCTGGGAGCTCACATGCCCCGGCCCCGGCCCTCA 

CCCTCATCTTCGACCGCCATCCCATCGCCGCCCTCCTGTGCTACCCGGCCGCGCGATAC 

CTTATGGGCAGCATGACCCCCCAGGCCGTGCTGGGGTTCGTGGCCCTCATCCCGCCGAC 

CTTGCCCGGCACAAACATCGTGTTGGGGGCCCTTCCGGAGGACAGACACATCGACCGCu 

TGGCCAAACGCCAGCGCCCCGGCGAGCGGCTTGACCTGGCTATGCTGGCCGCGATTCGC 

CGCGTTTACGGGCTGCTTGCCAATACGGTGCGGTATCTGCAGGGCGGCGGGTCGTGGCG 

GGAGGATTGGGGACAGCTTTCGGGGACGGCCGTGCCGCCCCAGGGTGCCGAGCCCCAGA 

■GCAACGCGGGCCCAGCACCCGATATCGGGGAGACGTTATTTACCCTGTTTCGGGCCCCv 

GAGTTGCTGGCCCCCAACGGCGACCTGTACAACGTGTTTGCCTGGGCCTTGGACGTCT" 

GGCCAAACGCCTCCGTCCCATGCACGTCTTTATCCTGGATTACGACCAATCGCCCGCCi 

GCTGCCGGGACGCCCTGCTGCAACTTACCTCCGGGATGATCCAGACCCACGTCACCAC-' 

CCAGGCTCCATACCGACGATCTGCGACCTGGCGCGCACGTTTGCCCGGGAGATGGGGG. 

GGCTAACTGA 

Figure 1 Nucleotide sequence of HSV-TK. 
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Construction of pMLP.TK 
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Construction of pMLP.luc 




Hindlll - Sspl fragment from pRSV.luc (de Wet et al) 
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Construction of pCMV.TK 
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Construction of pCMV.luc 
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Symptom-free period in rats with lepto-meningeal metastasis 
treated with IG.Ad.MLP.TK /IG.Ad.CMV.TK ^" s « 
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Fig. 10 
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lG.Ad.MLP.TK/ IG.Ad.CMV.TK 
Effcctivity in U251 tumor cells in vitro 
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Fig. 13 
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